In the 21 st century, water is at the heart of serious environmental, political and economic issues around the globe. The impact of climate change and population growth on the quantity, variability, and spatial distribution of water resources is increasingly cited as a possible hindrance to economic and social development in many countries around the world.
１．Introduction
In the 21 st century, water is at the heart of serious environmental, political and economic issues around the globe. The impact of climate change and population growth on the quantity, variability, and spatial distribution of water resources is increasingly cited as a possible hindrance to economic and social development in many countries around the world.
Climate change and human development are considered major driving forces that will affect future water resources (Kundzewicz et al., 2007; Rogers, 2008) . Their contributions to the future state of global water resources have been intensively studied (Milly et al., 2005; Oki and Kanae, 2006; Vorosmarty et al., 2000) . To study adaptation to water resource changes, however, attention to local scale is essential because the structure of the solution is different for each scale and set of local characteristics.
Concrete adaptations based on practical analysis are often not well studied, particularly on local and regional scales (Pielke, 2005) .
To make suitable adaptation plans for water resource use at a local level, decision makers need to understand the extent of the potential impact of both climate change and human activity on local water flow. It is important to compare these factors based on local data to respond to impending climate change and expanding human activity, particularly in fast-growing developing countries.
Geographic Information System (GIS) is a promising tool for integrated river-basin analysis and management. GIS allows rapid arrangement of a geospatial data infrastructure and comprehensive analyses of various other kinds of data at a local level (Downs and Priestnall, 1999; Jarvie et al., 2002; Maidment, 2008) . GIS allows us to delineate the watershed boundary from the topography and extract detailed watershed characteristics by overlaying data layers such as population, land-use and climate.
This paper presents an integrated approach to study the potential impact of 'precipitation' and 'land-cover' change on local streamflow over the next decades. The
An integrated approach to evaluate potential impact of precipitation and land-use change on streamflow in Srepok River Basin
magnitude of the change is demonstrated with different, but likely scenarios. Arc Hydro, a geospatial and temporal data model specifically developed for water resources (Kawasaki et al., 2007; Maidment, 2002; Patino-Gomez et al., 2007; Whiteaker et al., 2006) , was used to develop a hydrologic model to simulate streamflow. The model was developed in the Hydrologic Modeling System (HEC-HMS) environment and calibrated using local precipitation and streamflow data. Several scenarios were developed considering climate change and socio-economic development in a GIS environment, and streamflow in 2025 and 2050 was estimated for each scenario.
２．Study Area
The Mekong River is the longest international river in Hydrology and water resources in the Mekong have been thoroughly studied to simulate unique phenomena of the Asian Monsoon Region (Takeuchi, 2008) . General Circulation Models (GCMs) or self-produced distributed hydrological model were used to investigate hydrology and water balance at the entire basin level Kiem et al., 2008; Haddeland et al., 2006) . GIS has been used for analyzing local-scale flood risk and climate change impact on agriculture, but many research works mainly focus on Thailand (Weesakul, 2010; Rajin and Shibasaki, 2000) or the Mekong Delta in Vietnam (Wassmann et al., 2004; Boochabun et. al.; Haruyama and Hoa, 2010) , so there is a geographic imbalance in the knowledge distribution.
The Srepok River basin, a sub-basin in the Lower
Mekong which straddles the two national borders of Cambodia and Vietnam, was selected as a study area (Fig. 1 for over 75-95% of the region's annual precipitation.
３．Method

Overview
The overall structure of this research involves the integration of two software programs -a hydrological simulation tool, Hydrologic Modeling System (HEC-HMS) (US Army Corps of Engineers, 2009) and a GIS environment (ArcGIS) through the use of two ArcGISbased system applications: Arc Hydro Tools (Maidment, 2002 ) and the Geospatial Hydrologic Modeling Exten- Patino-Gomez et al., 2007; Whiteaker et al., 2006) , was used to develop a hydrologic model to simulate streamflow. The model was developed in the Hydrologic Modeling System (HEC-HMS) environment and calibrated using local precipitation and streamflow data. Several scenarios were developed considering climate change and socio-economic development in a GIS environment, and streamflow in 2025 and 2050 was estimated for each scenario.
Study Area
The Mekong River is the longest international river in Asia, rising in the Tibetan Plateau and emptying into the South China Sea. It travels 4,000km and flows through six countries: China, Myanmar, Thailand, Lao PDR, Cambodia, and Vietnam. As the World Wildlife Fund (2008) reported, over a thousand new species have been discovered in the Greater Mekong Basin in just the last decade; indeed, it is one of the richest remaining biodiversity areas in the world and many inhabitants rely on it for their livelihood.
Hydrology and water resources in the Mekong have been thoroughly studied to simulate unique phenomena of the Asian Monsoon Region (Takeuchi, 2008) . General Circulation Models (GCMs) or self-produced distributed hydrological model were used to investigate hydrology and water balance at the entire basin level Kiem et al., 2008; Haddeland et al., 2006) . GIS has been used for analyzing local-scale flood risk and climate change impact on agriculture, but many research works mainly focus on Thailand (Weesakul, 2010; Rajin and Shibasaki, 2000) or the Mekong Delta in Vietnam (Wassmann et al., 2004; Boochabun et. al.; Haruyama and Hoa, 2010) , so there is a geographic imbalance in the knowledge distribution.
The Srepok River basin, a sub-basin in the Lower Mekong which straddles the two national borders of Cambodia and Vietnam, was selected as a study area (Fig. 1) . Scientific investigation on future available water is required in this sub-basin to study water resource adaptation because rapid population growth, agricultural development, and several dam projects planned upstream in Vietnam may threaten the valuable ecosystem and the economic survival of downstream residents in Cambodia (Mekong River Commission, 2007 
Method 3.1 Overview
The overall structure of this research involves the integration of two software programs -a hydrological simulation tool, Hydrologic Modeling System (HEC-HMS) (US Army Corps of Engineers, 2009) and a GIS environment (ArcGIS) through the use of two ArcGIS-based system applications: Arc Hydro Tools (Maidment, 2002) and the Geospatial Hydrologic Modeling Extension (HEC-GeoHMS). This enabled us to effectively process local geospatial and climate data into one integrated model of the hydrological processes. This provides a holistic and coherent database, supporting a series of processes including data generation, management, analysis and simulation, problem-solving, and demonstration, that are required commonly in water resources and river-watershed management. Another advantage of combining these tools is that one can reflect and 'Both precipitation and land-cover change' were considered in the model to evaluate future flow conditions.
Hydrologic Model Development
ArcGIS was used to develop a dataset to build a hydro- The land surface characteristics used in this study were based on the U.S. Soil Conservation Service (SCS) curve number (CN) system (McCuen, 1982; Soil Conservation Service, 1986) , which determines a runoff coefficient from a simple land-use and soil drainage type 
External Calculation Process in Precipitation Abstraction
In this study, it was critical to represent hydrological process with a SCS curve number so that future landcover change could be represented by curve number change. However, the SCS method for abstraction (interception, depression storage, and infiltration) is more suitable for event simulation than continuous simulation because initial abstraction should be fully updated at the beginning of each storm event, which is not easy in the SCS module in HEC-HMS. In order to conduct continuous simulation in the HEC-HMS environment, excess precipitation was externally calculated with the SCS abstraction method and directly brought into the model.
In the SCS method, abstraction, Fa, is represented as:
where S is potential maximum retention, P is precipitation, and I a is initial abstraction. The potential maximum retention, S, for normal antecedent moisture conditions is empirically defined as follows with given curve number,
CN:
The retention S can be further adjusted based on 5-day antecedent precipitation (Chow et al., 1988) . Initial abstraction, I a , was also defined as 0.2S as suggested.
In this study, 17 precipitation events in 2001, which have depth greater than 30mm in all the 7 precipitation stations in the basin, were selected using daily precipitation data. Each storm event was split into two when there is a period with rainfall less than 3mm within 72 hours.
For each precipitation event, CN, S, and I a , were calculated based on the 5-day antecedent precipitation. is 380mm among the total 487mm precipitation.
For a given CN value, excess precipitation was calculated for each event with the external process, and then combined as a continuous time-series data to conduct a continuous simulation in HEC-HMS.
Model Calibration
This pre-processed data was then integrated into the HEC-HMS environment. Calibration was conducted using observed daily streamflow at Ban Don in 2001.
Simulation results were compared to the observed streamflow at the Ban Don station in 2001 (Fig. 3) . In the calibration process, the lag time and Muskingam K values were mainly used as calibration parameters whereas the estimated CN based on land-use data were kept as es- include reservoirs in the model, we used depression storages and runoff routing coefficients to reproduce overall hydrologic process in the Srepok River basin. This storage data is being collected and will be utilized in future studies.
Creating Future Land-Cover Scenarios
Land-cover data was used to determine two key factors in the future streamflow estimation: runoff and water demand. Future land-cover scenarios were developed to evaluate the impact of future land development. Though many land-use models have been developed using GIS (Almeida et al., 2008; Nagasaki et al., 2006 Depth ( Depth ( To develop land-cover and population density relationship in the sub-basin, population density grids for 2000 were cross-related with the land-cover polygon of 1997. From the cross comparison, the population density ranges in Table 2 were proposed for each land-cover in this study area. Approximately 73% of the agricultural area and 75% of the urban area in the observed landcover polygon for 1997 fall into their respective proposed population density ranges, which supports the validity of these proposed ranges. The proposed ranges were then applied to the new population density grids for 2025 and 2050 to predict future land-cover with the assumption that land-cover change is highly dependent on population growth. Existing undeveloped land (i.e. forest) could become more developed as population increases, but not vice versa. Like so, land-cover polygons for 2025 and 2050 were generated (Fig. 4) . As shown in the figure, the the areas of agriculture and urban in land-cover polygons in 1997 were used to calculate water demand per area for agricultural and urban land types (Table 3) . These fac- (Table 4 ). This split was based on the seasonal water demand in the upper Srepok River basin; in 2006, 591.0Mm 3 was used during the wet season and 1,094.6Mm 3 was used during the dry season in the area (Ty, 2008) .
Creating Future Precipitation Scenarios
For precipitation prediction, some hydrological studies use General Circulation Models (GCMs) available from the IPCC coupled with downscaling techniques (Beyene et al., 2010; Kiem et al., 2008) . GCMs are generally more reliable for temperature predictions than for precipitation, wind, humidity or air pressure predictions. Though new methods such as ensemble-based approaches are developed for evaluating uncertainties and its interpretation has been improved in the IPCC AR4, quantitative projections of precipitation change at the river-basin scale remain uncertain (Kundzewicz et al., 2007) . Also, Christofides et al. (2008) demonstrated that these large scale models were unsuitable for predicting regional precipitation change. Therefore, in this local scale study, a simplified approach was taken to develop a future precipitation scenario. Most estimates of global precipitation change using GCMs on the IPCC report vary between no change and 2.5% increase in 25 years, and no change and 5% increase in 50 years (Meehl et al., 2007) . As an example of climate scenarios using Japan
Meteorological Agency atmospheric general circulation model (JMA AGCM) used at IPCC report, Kiem et al. (2008) We did not consider any spatial variability of the precipitation change. 'No change' in precipitation was also considered as a baseline case of precipitation change.
Temperature change was not considered in the scenario development process since temperature is already indirectly combined into the estimation of precipitation and water demand.
４．Results
Streamflow was reviewed at the Ban Don flow station in Vietnam and at the outlet of the Srepok in Cambodia (Fig. 1) . Future streamflow was calculated under the three scenarios in Table 5 .
Simulations were conducted with the calibrated model based on conditions that reflect each scenario. Simulation results suggest that under the Sc2 conditions, predicted Precipitation change scenario -2.5% and 5% uniform precipitation increase in 2025 and 2050, respectively, with no change in land-cover and water demand from the 2000 levels.
Sc2
Land-cover change scenario -This scenario reflects predicted 2025 and 2050 land-cover and water demand, while no change was applied in precipitation: daily precipitation in 2001 was used for this scenario simulation. This scenario assumes the lowest end of the expected precipitation change over the next 50 years and helps us differentiate the impact of land-cover change from the precipitation change on flow rate.
Sc3
The combination of Sc1 and Sc2 -This scenario reflects both the defined land-cover and precipitation changes. 
